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EVIDENCE FOR THE PRESENCE OF SHUNTS IN
SKIN OF FOREARM*
CHESTER HYMAN, PH.D.t AND TERRENCE P. GEEESON, BA.
Anatomical and functional evidence suggests
that numerous by-pass vessels exist in the skin of
the digits and hand but that few such shunts oc-
cur in the more proximal skin (1). Using a com-
bination of technics which has helped to establish
the dual circulation of skeletal muscle (2), we
investigated the possibility of a functional by-pass
circulation in the forearm skin.
METHODS
Total blood flow through the skin of the forearm
of normal individuals was measured by an exten-
sion of the capacitance plcthysmograph method
(3, 4)4 A capacitance system with appropriate
calibrations was used to measure the blood flow
through all of the tissues in a segment of the fore-
arm by venous occlusion plethysmography. By
applying graded pressures in a pneumatic cuff in-
terposed between the skin and the plethysmograph
screens it is possible to occlude circulation through
superficial layers and thus measure flow throilgh
the deeper tissues only (4). The difference between
total flow (with no counter pressure) and deep
flow (with appropriate counter pressure) is taken
as a measure of blood flow through cutaneous tis-
sues.
Effective circulation, or flow through vessels in
which exchange occurs, can be estimated from
the rates at which small radioactive solutes are
removed from injection sites. This technic, tissue
clearance, involves the intradermal injection of
small volumes, i.e., 0.05 ml, of saline containing
approximately 0.2 microcuries of Na?°° or Na22Cl
(5). The changing counting rate over the area of
injection can be represented by a simple exponen-
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tial whose decline reflects the rate of exchange of
tissue solutes and hence measures the effective cir-
culation (6).
Since several independent approaches have
shown that reflex heating increases blood flow in
the skin only (7, 8) and we have confirmed this
by the capacitance plethysmograph counter-pres-
surization technic (4), this stress was used to
modify local blood flow. Two sets of experiments
were performed on healthy, young college students.
In the first set of studies we measured the in-
crease in cutaneous blood flow accompanying ele-
vation of body temperature from its normal level
to a value about 1 degree above normal. Tempera-
ture was increased by wrapping the subject in an
electric blanket. In two students from this group
and 6 others the effect of similar increases in body
temperature on clearance of ions from intradermal
injection sites was measured. These findings pro-
vided group averages for increase in total flow to
compare with the average increase in clearance
under similar conditions.
In the second series measurements, total and
effective blood flow were simultaneously measured
on the same individual. Such measurements were
made on 6 subjects a) when body temperature was
depressed (about 02° F) by dressing the subject in
an airtight "exercise suit" ventilated with cooled
compressed air and b) when heated by wrapping in
electric blankets. This procedure elevated body
temperature by 0.8 to 1.0° F above the original
level within 45 minutes. The initial decrease in
body temperature diminished cutaneous blood
flow to extremely low levels at which data obtained
by the normal technic is subject to significant er-
ror. Therefore, blood flow changes in the second
series of studies are all given in terms of total for
skin and muscle combined.
RESULTS
In the first series of studies total forearm cutane-
ous flow increase resulting from reflex heating
averaged about 180% above control. In a corre-
sponding group of 8 subjects the clearance of NaP
from the skin was unchanged (3.8% below control)
by heating. These data (Table I) strongly suggest
that reflex cutaneous hyperemia is not associated
with a commensurate increase in clearance. Data
on 2 subjects (Brown and Allen) in whom ther-
mally-induced changes in total and effective blood
flow through forearm skin were measured on sepa-
rate occasions confirm this suggestion.
In the second group of 6 subjects (Table 2) the
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recorded percent increment in blood flow refers to
both muscle and skin of the forearm segment.
Since temperature changes reflexly modify blood
flow through skin only, the actual percentage in-
crease in cutaneous flow must be greater than
shown in our results. Thus, the minimal increment
for total blood flow through skin, 200%, contrasts
with the tissue clearance increase of less than 20%.
Since these measurements were made simultane-
ously on the subject in the same condition there
can be no possibility of variation in experimental
conditions.
Figure 1 summarizes the findings in part 2.
TABLE I
Forearm Blood Flow Clearance
Subject Cooled
mI/mini
100 ml
Heated
ml/min/
100 ml %
Cooled
min' Heatedmin' % z
Elliot 2.09 4.06 94 17.3 21.3 23.0
Reynolds 3.08 8.29 169 20.4 23.1 13.0
Ginston 1.72 8.30 383 16.1 20.4 26.0
Wong 1.06 2.62 150 13.9 16.9 21.0
Acco- 1.08 4.08 277 15.0 19.2 29.0
mazzo
Auerbach 0.91 2.08 128 19.0 18.5 —2.6
Average 1.65 4.90 200 16.9 19.9 19.1
0 200
h BLOOD FLOW
FIG. 1. Comparison of the increase in blood flow
through forearm segment (muscle and skin) com-
pared with increase in clearance from injection
into forearm skin in group of 6 subjects under-
going reflex heating. Note that in spite of almost
fourfold increase in the blood flow there was less
than 20% change in clearance in any case.
Clearly only a minimal change in clearance ac-
companies the very large blood flow increase.
DISCUSSION
The relatively fixed value of tissue clearance
under conditions which more than doubled total
blood flow through the skin may be taken as evi-
dence that the vasodilatation due to reflex heating
is restricted almost entirely to vessels which do not
participate in solute exchange. The present findings
provide evidence for a large potential shunt circu-
lation in forearm skin analogous to that known
to exist in the hand and digits.
The small increase in tissue clearance noted in
the second series can be explained on the basis of
several changes in skin circulation. First, brady-
kinin is known to be released by activated sweat
glands when reflex heating sufficient to increase
cutaneous blood flow is achieved (9). There is
experimental evidence that this substance can
dilate nutritional as well as by-pass vessels in
skeletal muscle (10) and in the digits (11). Second,
an increase in metabolism of the skin should result
from the increase in skin temperature during reflex
cutaneous vasodilatation (12). Such a change in
metabolism should increase nutritional circulation
(13). However, the bradykinin and the local me-
tabolites have only a small effect on the smooth
muscle governing the flow through the nutritional
vessels when compared with the reflex-induced
dilatation manifested in the total flow.
SUMMAIIY
By use of electro-capacitance plethysmograph
technics for measuring total cutaneous blood flow
and clearance technic for estimating the solute
exchange in the skin of the forearm, it has been
shown that the increased total blood flow under
conditions of thermally-induced reflex dilatation
is not accompanied by a corresponding increase in
effective flow. These data are offered as evidence
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independent measurements of responses of total
and effective blood flow during reflex heating
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Skin Blood Flow
Control Heated
mi/min/ ml/min/100 ml 100 ml
2.08 6.90
1.64 3.90
Subject
Wein
Balf our
Baldwin
Brawley
Stoiie
Brown
Mlen
Pierson
Ricci
Aim
Coven
Murrell
Average
Clearance
Control Heated
minl min' %
12.0 12.6 5.0
13.9 15.4 11.0
19.9 12.6 —37.0
9.7 15.4 59.0
16.0 13.3 —17.0
16.6 11.9 —28.0
16.0 13.9 —13.0
15.8 14.3 —9.5
—3.8
230
138
89
266
192
155
4.99
1.28
2.31
2.40
2.45
9.40
4.69
6.75
6.10
6.30 179 14.9 13.5
TABLE II
Simultaneous measurements of responses of total
and effective blood flow during reflex heating
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for the existence of a functional by-pass or shunt
circulation which is responsible for the hyperemia
of reflex heating.
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